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 Sex determination of adult remains has become a well-
established practice in forensic anthropology.  However, 
the assessment of sex in fetal remains is a highly 
contested subject.  The purpose of this research is to 
ascertain whether fetal and early infant specimens can be 
sexed accurately using five bones of the cranium and the 
mandible.  The first part of this research project is based 
on the work of Fazekas and Kosa (1978), in which they test 
to see if statistical significance can be found between the 
cranial base bones of fetal male and female specimens. The 
second part is based on the morphognostic analyses of 
infant mandibles performed by Schutkowski (1993) to 
determine sex.   
The sample used for this project is the Johns Hopkins 
Fetal Collection, which is housed at the Cleveland Museum 
of Natural History.  Statistical analyses on the bones of 
the cranial base are performed by using the Kruskal-Wallis 
test.  Morphognostic analyses of the mandibles do not 
include statistical tests and were based on visual 
observations alone. 
 Analyses of the cranial base bones yield no 
significant differences between the sexes.  However, 
vii 
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Schutkowski’s techniques prove to be successful in 
determining sex based on the shape of male and female 
mandibles. 
 The conclusion, that there are sex differences in the 
mandible, but not in the cranial base, is based on 
developmental differences between males and females.  The 
cranial base develops more slowly than does the mandible.  
The accelerated growth of the mandible leads to a 
differentiation in the sexes, which becomes apparent early 




 While the field of forensic anthropology is steadily 
growing and methods for identification are constantly being 
re-examined and improved, there are still areas that have 
not seen such expansion.  Most of the research and methods 
of identification are skewed toward older juveniles and 
adults.  Studies of living children have yielded much 
information on growth and developmental stages (Scammon and 
Calkins 1929) and research dealing with human embryology 
has seen a great deal of success (Gilbert 1989).  Several 
fetal and infant collections have been established in the 
United States and elsewhere (Huxley et al. 1999).  However, 
when fetal or infant remains are concerned, little has been 
researched and whatever results are found tend to be highly 
contested.   
 Forensic fetal osteology is a small sub-field that has 
achieved a limited success in determining identity. 
Considerable progress has been made in determining age and 
whether the infant died before or after birth (Bass 1987; 
Fazekas and Kosa 1978; Weaver 1979).  Infant age can be 
reconstructed using several variables (Huxley and Angevine 
1999).  The most reliable technique for evaluating age is 
that of dental development, specifically tooth eruption and 
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mineralization (Demirjian 1986; Demirjian et al. 1973; Garn 
and Burdi 1971).  Centers for ossification and bone fusion 
can also be used to estimate age (Noback 1954; Scheuer and 
Black 2000).   
 Fetal and infant sex determination has received some 
attention, but the attention has been highly contested and 
perhaps too specific with regard to certain bones.  Many 
researchers have studied the infant pelvis and most have 
come to varying conclusions (Choi and Trotter 1970; Fazekas 
and Kosa 1978; Hunt 1990; Mittler and Sheridan 1992).  
Sexual differences were observed in fetal pelves by Boucher 
(1955, 1957), but the proposed technique calls for either 
an intact specimen, estimations based on X-rays, or remains 
with cartilage intact.  Based on analysis of infant pelves, 
Holcomb and Konigsberg (1995) concluded that statistically 
significant sexual differences existed, but they also 
stated that their results were not useful for forensic 
applications.  In general, research on the sex of the 
infant pelvis has yielded similar characteristics to those 
found in adult specimens, including wider biischial 
breadth, longer pubic length, and a broader sciatic notch 
in females (Boucher 1957; Reynolds 1945; Thomson 1899).   
 Studies of sex differences have even focused on the 
structure of the infant hand (Garn et al. 1974).  That 
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research found differences in hand proportions at an early 
age.  More recently, Schutkowski (1993) has suggested that 
sex differences can be found in the infant mandible.  
Another study focusing on the mandible and discrete traits 
of the eye orbits found a 78% success rate when sexing 
juvenile remains based on the mandibular gonion angle and 
chin shape (Molleson et al. 1998).   
As in age estimation, dental development can be used 
in determining sex.  Most of this research has focused on 
the permanent dentition, where the canines have been 
observed to be the most dimorphic in respect to size (Moss 
and Moss-Salentijn 1977).  Weaver (1998) stated that sex 
differentiation could begin as early as the tenth fetal 
week, and the differences could be as pronounced as those 
at puberty.  Despite attempts at determining fetal sex, 
Weiss (1972) came to the conclusion that determining the 
sex of fetal remains was futile because secondary sexual 
characteristics did not appear until puberty. 
 The current study focuses on whether or not 
differences between males and females exist in fetal and 
infant remains.  For the first part of this study, bones 
chosen for analysis are those of the skull base.  The main 
reason for this selection is that Fazekas and Kosa (1978) 
found that the basilar portion of the occipital bone was 
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longer and narrower in male fetal remains; this feature was 
shorter and broader in female remains.  Fazekas and Kosa’s 
sample ranged from the third to the tenth lunar month and 
was comprised of specimens that were both stillborn and 
that had died shortly after birth.  While their results 
clearly showed that sex differences exist between males and 
females in the bones of the base of the skull, the results 
were not statistically significant.  
 The second part of this study was carried out by 
visually assessing the sex of specimens based on the 
morphology of the mandible.  Schutkowski (1993) determined 
that, by using the infant mandible, sex determination could 
be established. Several other researchers have suggested 
that sexually dimorphic traits can be seen in the infant 
face and mandible (Humphrey 1998; Newman and Meredith 1956; 
Walker and Kowalski 1972).  Schutkowski based his study on 
the infant skeletons in the “Coffin Plate Sample” housed at 
the Natural History Museum, London.  This collection is 
from the cemetery at Christ Church in Spittalfields, 
London.   
 Three characteristics, as determined by Schutkowski, 
are used in the assessment of sex.  These features are 
protrusion of the chin region, shape of the anterior dental 
arcade, and eversion of the gonion region.  Schutkowski 
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analyzed one feature at a time and marked the presence or 
absence on each specimen.  Using chin prominence and 
angulation, Schutkowski was able to determine sex correctly 
in 94.1% of male cases.  Schutkowski could determine sex 
using a wide anterior dental arcade 82.6% of the time.  In 
assessing the eversion of the gonion region, sex was 
determined correctly in 73.9% of the male cases.  
Schutkowski stated that the selected characteristics failed 
to determine the sex of females reliably and percentages of 
the occurrences of female traits were listed in a 
subsequent table.  Schutkowski observed that 52.2% of 
female specimens lacked chin prominence.  Rounded anterior 
dental arcades occurred in only 56.3% of female cases.  He 
also observed that an aligned, or vertical, gonion region 
was present in 52.9% of female specimens.     
 The sex differences that Schutkowski discovered were 
not limited to one particular age group, but were found in 
all ages included in the study, which ranged from birth to 
five years of age.  Despite the high percentage of 
occurrences for masculine characteristics in males, the 
feminine characteristics were not always present in 
females.  This fact led to females being misclassified as 
males more often than males being misclassified as females. 
5 
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 Using the cranial bones and mandible, this research 
expands the work of Fazekas and Kosa and Schutkowski.  Sex 
differences in the fetal and infant cranium and mandible 
are tested to see if dimorphism can be found and is of a 
sufficient magnitude to be useful in a forensic context.  
Chapter 2 
Materials and Methods 
 
 
 The sample for this research project was the Johns 
Hopkins Fetal Collection, which is housed at the Cleveland 
Museum of Natural History.  The collection was created 
during the 1920’s in Baltimore by A.H. Schultz, and was 
then transferred to the Cleveland Museum of Natural History 
in 1973 (L. Jellema, pers. Comm.).  This collection is 
comprised of 112 fetal and infant crania of known sex and 
age.  Of these 112 specimens, 49 (43.8%) are female and 63 
(56.3%) are male.   
The collection was divided into three age groups for 
the first part of this study, in which cranial bones were 
analzed.  The first age group included specimens between 
five and eight months in utero.  The second was comprised 
of individuals between nine months in utero and one month 
postnatal.  The third group included infant specimens 
between two and five months postnatal.  Of the 112 total 
specimens, eight were excluded from the analysis for two 
reasons.  Six of the specimens (JH 3, 4, 32, 38, 41, and 
45) were too old to fit into the determined age categories 
and two other specimens (JH 27 and 56) were excluded 
because they were missing all five of the cranial bones 
chosen for analysis. 
7 
Specimens that had at least one of the required bones, 
either of the temporal squama bones, lateral occipital 
bones, or basilar occipital bone, were used for analysis.  
As a result, the total sample size for this part of the 
study was 104 specimens.  This sample included 58 males and 
46 females.  The age group breakdown was as follows: in 
group one there were 17 males and 19 females; age group two 
was composed of 30 males and 15 females; and the third 
group had 11 males and 12 females.   
For the first part of this study five bones of the 
cranial base were chosen for analysis.  These included the 
left and right temporal squama, the left and right lateral 
portion of the occipital, and the basilar portion of the 
occipital bone.  A sliding caliper was used to take all the 
measurements, which were recorded to the nearest 0.1 mm.  
Measurements of the specified bones were taken in accord 
with Fazekas and Kosa (1978).   
Height, width, and length were recorded for both the 
temporal squama (Figure 1).  The height is measured from 
the incisura tympanica rivini to the superior border.  The 
width is taken from the posterior arch of the squamomastoid 
suture to the anterior border of the squamous part.  The 
length is the distance measured from the posterior convex 
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border of the squamomastoid suture to the anterior end of 
the zygomatic process.    
 
Figure 1. Measurements of the temporal squama bone. Right 
bone depicted. Height (a), Width (b), Length (c). Redrawn 
from Fazekas and Kosa (1978, p. 44). 
 
Length and width were recorded for the basilar portion 
of the occipital bone (Figure 2).  The length is measured 
as the distance between the foramen magnum and  
 
Figure 2. Measurements of the basilar portion of the 
occipital bone. Length (a) and Width (b). Redrawn from 
Fazekas and Kosa (1978, p. 46). 
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synchondrosis at the midline.  The width of the basilar 
portion of the occipital bone is determined by measuring 
the greatest distance between the lateral tubercles. 
For each of the lateral occipital bones, lengths and 
widths were recorded (Figure 3).  The length is taken as 
the greatest distance between the anterior and posterior 
interoccipital synchondroses.  The width is defined as the 
greatest distance between the medial and lateral margins of 
the posterior interoccipital synchondrosis. 
 
Figure 3. Measurements of the lateral portion of the 
occipital bone. Right bone depicted. Length (a) and Width 
(b). Redrawn from Fazekas and Kosa (1978, p. 47). 
 
The goal of this research was to compare the males to 
the females in each age group to determine if there were 
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sex differences.  The statistical analysis performed was 
the Kruskal-Wallis procedure (Gibbons 1997).  Each 
measurement of the 104 bones was analyzed within its 
respective age group, and an “H” value was determined by 
using the Kruskal-Wallis test.  These “H” values were then 
compared to a chi-square distribution table.  The level of 
confidence used for the chi-square table is 0.05 with one 
degree of freedom.  To be considered significant with one 
degree of freedom and a 0.05 level of significance, the 
Kruskal-Wallis “H” test statistic must be equal to or 
greater than 3.84. 
The Pearson’s correlation coefficient was used to 
determine whether the same measurements on paired bones 
(e.g., length of right and left lateral parts of the 
occipital bone) should be treated as dependent or 
independent variables (Kirk 1990).  The sign test was then 
used to determine if males or females were significantly 
larger for the entire set of dependent variables in each 
age group or in all age groups combined.  
In contrast to the metric analysis of the cranial 
bones, the second part of this study was based on a non-
metric evaluation of the mandibles.  Using Schutkowski’s 
(1993) methods, the mandibles were analyzed and sex was 
determined.  A mandible was present for 108 specimens.  All 
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specimens that were excluded for the first part of the 
study were now used since age group distinction was not 
used.  Four of the 108 specimens were missing half the 
mandible, but sex determination was still possible.  Two 
mandibles were fragmented, but still could be evaluated.  
Therefore, this part of the study included the mandibles of 
61 males and 47 females.  Schutkowski determined that males 
have a higher incidence of protrusion of the chin, the 
anterior dental arcade is U-shaped, and the gonion region 
is everted and protrudes beyond the horizontal rami (Figure 
4).  For females, there is no prominence visible in the    
 
Figure 4. Mandible showing “typically male” features. 
Prominent chin region (a), U-shaped dental arcade (b), and 
unaligned gonion region (c). Figure redrawn from 
Schutkowski (1993, p. 200). 
 
chin, the anterior dental arcade is more rounded, and the 
horizontal rami are aligned with the gonion region (Figure 
5).   
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Figure 5. Mandible showing “typically female” features. No 
chin protrusion (a), round dental arcade (b), and aligned 
gonion region (c). Redrawn from Schutkowski (1993, p. 200).   
 
For this study, to be characterized as male or female, 
the specimen had to have at least two of the three features 
as specified by Schutkowski (1993).  This technique is not 
the same as the one Schutkowski employed.  He evaluated 














 Analysis of the fetal bones of the base of the skull 
yielded mixed results.  A median for each of the 12 
measurements for each of the three age groups was 
calculated for males and females (Table 1).  The results of 
the Kruskal-Wallis analysis showed that most bone 
measurements showed no significant differences between 
males and females (Table 2).  Of the 36 Kruskal-Wallis 
tests only two were significant.   
Table 1. Medians (in mm) of Cranial Bones for Males 
and Females in Each Age Group1   
 
AGE  I AGE  II AGE  III
MALE FEMALE MALE FEMALE MALE FEMALE
TS (L)     H 19.5 19.9 23.8 23.2 26.5 25.3 
TS (L)     W 22.2 22 26.7 24.6 27.9 27.5 
TS (L)     L 26 26.5 31.7 30.3 34.5 33.7 
TS (R)     H 18.9 19.8 23.8 23.3 26 25.2 
TS (R)    W 22.7 21.8 26.2 24.9 28.3 27 
TS (R)     L 26.5 26.1 31.3 30.5 34.5 32.6 
BO         L 10.4 10.2 11.9 11.3 12.5 12.1 
BO         W 11.1 11.5 15 14.2 16.1 15.6 
LO (L)     L 17.7 18.6 24.9 24 27.7 26.8 
LO (L)     W 9.8 10.4 13.6 13.9 16.1 15.8
LO (R)    L 18.4 18.7 25.1 23.2 27.6 26.7 
LO (R)    W 11.1 10.1 13.7 12.9 16 16.1 
 
                                                
  
 
1 Temporal squama-TS, Basilar part of the occipital bone-BO, 
Lateral part of the occipital bone-LO, Left side of 
particular bone-(L), Right side of particular bone-(R), 
Height-H, Width-W, and Length-L. 
Age I- specimens from five months in utero to eight months 
in utero, Age II- specimens from nine months in utero to 
one month post-natal, Age III- specimens from two months to 
five months post-natal. 
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Table 2. Significance Levels of Kruskal-Wallis Test 
between Males and Females for Cranial Bones2 
 
AGE I AGE II AGE III
TS (L)     H 0.9 0.3 0.05 
TS (L)     W 0.7 0.3 0.5 
TS (L)     L 0.7 0.5 0.5 
TS (R)     H 0.7 0.5 0.3 
TS (R)    W 0.3 0.5 0.3 
TS (R)     L 0.95 0.7 0.2 
BO         L 0.5 0.02 0.3 
BO         W 0.5 0.3 0.5 
LO (L)     L 0.5 0.2 0.3 
LO (L)     W 0.5 0.8 0.5 
LO (R)    L 0.7 0.1 0.3 
LO (R)    W 0.7 0.3 0.95  
     The width of the right lateral occipital bone showed 
no significant difference in the Kruskal-Wallis test in any 
of the three age groups.  The length of the right lateral 
occipital bone approached significance in age group two at 
the 0.10 level (Table 2).  The other two age groups for 
this measurement showed no significant difference.  The 
left lateral occipital bone showed no significant 
difference between the sexes in any age group, for either 
the length or width.   
 The Kruskal-Wallis test showed that the basilar 
occipital bone was not significant with respect to width 
                                                 
2 Temporal squama-TS, Basilar part of the occipital bone-BO, 
Lateral part of the occipital bone-LO, Left side of 
particular bone-(L), Right side of particular bone-(R), 
Height-H, Width-W, and Length-L. 
Age I- specimens from five months in utero to eight months 
in utero, Age II- specimens from nine months in utero to 
one month post-natal, Age III- specimens from two months to 
five months post-natal. 
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for any of the age groups (Table 2).  The length of this 
bone showed no significant difference in age group one or 
three.  However, in age group two the bone length was 
significantly different between the sexes, with males 
having a higher median, 11.9 mm, compared to that of  
females, 11.3 mm.    
 The Kruskal-Wallis test found that the sexes were not 
significantly different in any age group for height, 
length, and width of the right temporal squama (Table 2).  
The left temporal squama showed no significant differences 
between the sexes in length.  The width of the left 
temporal squama provided similar non-significant results.  
The height of the left temporal squama proved to be non-
significant in the first and second age groups.  However, 
the sexes were significantly different in the third age 
group with respect to the height of the left temporal 
squama.  For the left temporal squama, males had a median 
height of 26.5 mm compared to 25.3 mm for females. 
     Pearson’s correlation coefficient was computed between 
corresponding measurements of paired bones.  The 
coefficients were significant for all measurements for both 
males and females in age groups one and two.  In group one 
the coefficients ranged from 0.799 to 0.985, all of which 
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are significant with p <0.01.  The coefficients in group 
two ranged from 0.805 to 0.990, all significant with  
p <0.01.  In age group three, all measurements for females 
were significant and the coefficients ranged from 0.771 to 
0.978, all p <0.01.  The temporal squama heights and 
lateral occipital bone lengths and widths for males also 
yielded significant results with coefficients ranging from 
0.775 to 0.995, all significant with p <0.01.  The temporal 
squama lengths for males of age group three had a 
coefficient of 0.690 and were significant with p <0.05.  
The temporal squama widths for males of age group three 
provided a result of p <0.07 and had a correlation 
coefficient of 0.580.  This result approached significance.  
Since this was the only measurement that had a non-
significant result, the paired bones were treated as 
dependent and can be represented by either the left or 
right for the purposes of the sign test.   
Thus, the total number of measurements becomes seven, 
instead of 12, for each age group.  As far as the sign test 
was concerned for this part of the study, the left and 
right sides were considered separately for paired bones.  
The sign test was used to evaluate if males or females were 
significantly larger in one particular age group or all age 
groups.  When the measurements of right bones for all the 
17 
age groups were taken into consideration, the medians of 
males were larger than females in 17 of the 21 measurements 
(Table 1).  This result was significant with p <0.02.  When 
the left bones were examined under the same circumstances, 
15 of the 21 measurements were larger in males.  This 
outcome was not significant with p >0.05. 
   In the first age group, comprising specimens from five 
to eight months in utero, the side determined which sex had 
the larger median (Figure 6).  When examining the bones 
using the left side of paired bones, females were larger 
for 5 of the 7 measurements, or 71.4% (Table 1).  This 























Figure 6. Medians of each measurement in age group one. 
This age group represents specimens five to eight month in 
utero. Bone measurements of the X-axis are abbreviated: 
Temporal squama-TS, Basilar part of the occipital bone-BO, 
Lateral part of the occipital bone-LO, Left side of 
particular bone-(L), Right side of particular bone-(R), 
Height-H, Width-W, and Length-L. 
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non-significant result was found if the right sides of the 
bones were used, with males being larger in 4 of the 7 
measurements.    
In age group two, males were larger than females.  In 
this group when the left sides of paired bones were 
examined, males had larger bone dimensions in 6, or 85.7%, 
























Figure 7. Medians of each measurement in age group two. 
This age group represents specimens nine months in utero to 
one month post-natal. Bone measurements of the X-axis are 
abbreviated: Temporal squama-TS, Basilar part of the 
occipital bone-BO, Lateral part of the occipital bone-LO, 
Left side of particular bone-(L), Right side of particular 
bone-(R), Height-H, Width-W, and Length-L. 
 
significant with p >0.05.  If the right sides of the paired 
bones were used, males were larger than females in 7 of the 
7 measurements, which is significant with p <0.05 (Table 
1).  The change that is first seen in age group two 
continues to age group three.   
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In the third age group the results were similar to 
those found in age group two (Table 1). When the left sides 
were used, males had greater bone dimensions in 7 of the 7 
measurements (Figure 8).  This result was significant with 
p <0.05.  When the right sides were examined then males 
were larger in 6 of the 7 measurements, or 85.7%.  This 
























Figure 8. Median for each measurement in age group three. 
This age group represents specimens two months post-natal 
to five months postnatal. Bone measurements of the X-axis 
are abbreviated: Temporal squama-TS, Basilar part of the 
occipital bone-BO, Lateral part of the occipital bone-LO, 
Left side of particular bone-(L), Right side of particular 
bone-(R), Height-H, Width-W, and Length-L. 
       
age groups the measurements in which females were larger 
than males were the width of the left lateral portion of 
the occipital bone in age group two and the width of the 
right lateral portion of the occipital bone in age group 
three.  When age group two and age group three were 
examined separately, the fact that males were larger in 6 
20 
of the 7 and 7 of the 7 measurements, depending on which 
bone side was examined, can not really be considered useful 
in determining sex.  
The second part of this study was based on 
Schutkowski’s (1993) study of infant sex determination 
based on the mandible.  In this study, Schutkowski’s method 
worked well on the Johns Hopkins Fetal Collection (Appendix 
B).  Of the 61 males, 91.8%, or 56, were sexed correctly  
using the presence of two out of the three specified 
traits.  Out of all the male specimens, 59% have all three 
necessary characteristics.  Chin protrusion occurred in 
83.6% of all the male specimens, as did U-shaped dental 
arcades and unaligned gonion regions.  Of the correctly 
sexed males, 11.5% had no chin protrusion, 9.8% had a 
rounded anterior dental arcade, and 11.5% had an aligned 
gonion region, all of which were female characteristics.  
The five specimens that were incorrectly sexed as females 
were done so because of the presence of at least two of 
these feminine features. 
As for females, there were a total of 47 specimens.  
Schutkowski’s method correctly identified 40 of the 
specimens as female, or 85.1%.  Of the correctly identified 
specimens, only 27.7% had all three female traits, which 
are no chin protrusion, rounded anterior dental arcade, and 
21 
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an aligned gonion region.  A lack of chin protrusion 
occurred in 66% of the sample.  The feature of a rounded 
anterior dental arcade was found in 72.3% of the female 
specimens.  An aligned gonion region was found in 59.6% of 
the female specimens.   
The seven female specimens that were misidentified as 
male were done so because six of those specimens had 
pronounced chin protrusion and all seven had a U-shaped 
anterior dental arcade.  An unaligned gonion region 
occurred in four of the misidentified specimens.  When 
males and females are combined, Schutkowski’s method 
correctly determined the specimen’s sex in 96 of 108 cases, 















 The analysis of cranial bones revealed two 
statistically significant differences between the sexes: 
the length of the basilar part of the occipital bone in the 
second age group and the height of the left temporal squama 
bone in the third age group.  Among the 36 statistical 
tests evaluated at the 0.05 level of significance, 1.8 
would be expected to show significance by chance alone.  
The two significant results in this study may be by mere 
chance and do not show that sex differences occur in the 
temporal squama and basilar part of the occipital bone.   
 Determining the sex of fetal and infant mandibles 
based on Schutkowski’s morphognostic evaluation proved to 
be successful.  The methods Schutkowski proposed worked on 
his sample, which included individuals from birth to five 
years of age, and my own, which had individuals as young as 
five months in utero.  In the case of male specimens and 
chin protrusion, the method was slightly less accurate in 
my sample than Schutkowski’s, 83.6% compared to 94.1%.  The 
occurrences of a U-shaped anterior dental arcade were 
similar in my study and in Schutkowski’s, 83.6% and 82.6%, 
respectively.  An everted gonion region occurred in 83.6% 
of the Johns Hopkins Fetal Collection compared to an 
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occurrence of 73.9% in Schutkowski’s sample.  Overall, 
males and females were correctly identified in 88.9% of the 
Johns Hopkins Fetal Collection cases.   
 Using Schutkowski’s methods for sexing the mandible, 
more females were misclassified than were males in this 
study.  The males were mainly misclassified due to rounded 
anterior dental arcades; four of the five that were 
misclassified had this trait.  The misclassified female 
specimens had higher incidences of U-shaped anterior dental 
arcades and visible chin prominences.   
An overall comparison of occurrences of female 
characteristics between the Johns Hopkins Fetal Collection 
and the “Coffin Plate Sample,” as done above for males, 
reveals that sex determination of females was more 
successful in the former than the latter.  Schutkowski’s 
examination of female traits revealed only a 52.2% 
occurrence of a non-prominent chin, a 56.3% occurrence of a 
rounded anterior dental arcade, and a 52.9% occurrence of 
an aligned gonion region.  Rounded anterior dental arcades 
had the highest percentages of occurrence for female 
specimens in both Schutkowski’s, 56.3%, and my own sample, 
72.3%.  An interesting point is that the features 
Schutkowski used to determine infant sex could also be used 
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to visually assess adult sex (Hrdlička 1940; Scheuer and 
Black 2000). 
 The results of this research project pose an 
interesting question.  While the individual measurements of 
the bones of the base of the skull show no differences 
according to sex, the same can not be said of the mandible.  
Why should one part of the skull exhibit sex differences 
while other parts do not?  The answer could lie in the 
biology of the human skeleton.   
The skeletons of males and females change at different 
rates at puberty (Scheuer and Black 2000).  The amount of 
change varies between the sexes, but also within the sexes.  
Males and females progress through the exact same stages of 
development, with the only difference being one of timing.  
An example is that females develop faster than males in 
spheno-occipital synchondrosis closure by an average of two 
years (Konie 1964; Powell and Brodie 1963).     
 From a developmental standpoint, the cranial base 
starts out as mesenchymal masses that materialize in the 
fourth prenatal week.  The chondrocranium, a cartilaginous 
mass, begins to form the basal plate of the cranium at 
around the second month in utero.  During this time the 
first centers for ossification appear.  Ossification will 
proceed in a posterior to anterior manner (Scheuer and 
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Black 2000). More specifically, both the left and right 
lateral parts of the occipital bone, sometimes referred to 
as the partes laterales, begin ossification at about the 
ninth fetal week.  Not until much later, at one to three 
years of age, do the lateral occipitals completely fuse to 
the basilar part of the occipital bone, also known as the 
pars basilaris (Scheuer and Black 2000).  The basilar part 
of the occipital bone has centers of ossification that 
develop in the eleventh and twelfth fetal weeks (Fazekas 
and Kosa 1978; Noback 1944). 
 The development of the temporal squama is not like 
that of any other bone.  The capsular part of the petrous 
portion does not experience any remodeling and remains, 
unchanged, throughout an individual’s lifetime.  Also, the 
osseous labyrinth, auditory ossicles, and tympanic ring are 
at adult size by the midterm of the fetal period (Scheuer 
and Black 2000).   
 Ossification of the temporal squama occurs in two 
parts. First, the squamous portion begins the ossification 
process at the eighth prenatal week (Noback and Robertson 
1951).  After ossification of the left and right squamous 
regions begins, the tympanic parts start to ossify, at the 
ninth fetal week, between the first and second pharyngeal 
arches (Anson et al. 1955).   
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 The mandible is the second bone to begin ossification.  
This process begins for each half of the mandible in the 
seventh prenatal week (Scheuer and Black 2000).  The two 
halves of the mandible fuse at around seven or eight months 
postnatal (Becker 1986).   
 With females having regions that develop faster than 
males (Konie 1964; Powell and Brodie 1963), females might 
be expected to be larger than males around the time of 
birth.  In support of this theory, the female medians for a 
majority of the bone measurements in the first age group 
are greater than those for males if one were to use the 
left sides of the paired bones, but this feature is not 
significant statistically (Figure 6).  However, in the next 
age group when the left sides are included, males are 
larger than females in all but one measurement, the left 
lateral occipital width (Figure 7).  When the right sides 
are considered for this age group males are larger than 
females in all measurements.  In the third age group, when 
the left sides are considered, males are larger in all 
measurements.  However, when the right sides are examined, 
males are larger than females in all but one measurement, 
the right lateral occipital width.  The trend of males 
being larger than females continues from this point on into 
later adult life.   
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 In the three age groups mentioned here, differences 
between the measurements of males and females are only by 
tenths of a millimeter.  So how can there be such a 
recognizable difference in the morphologies of male and 
female mandibles?  The age at which ossification of each of 
the skull base bones begins, as mentioned above, is about 
equal, so there would be little sexual difference, which is 
exactly what this study found.   
Humphrey (1998) found that cranial and mandibular 
growth was greatly advanced compared to the growth of post-
cranial elements.  Humphrey stated that the cranial base 
progressed on an early growth pattern and achieved 90% of 
its adult size before the age of 12.  However, some cranial 
characteristics, such as mastoid height and breadth, are 
the slowest growing cranial elements.  Humphrey concluded 
that the palate and mandible, especially the maximum 
breadth of the mandibular body, underwent rapid growth at 
early ages.  Humphrey was able to show that of six 
measurements, of which three were post-cranial, one cranial 
and two mandibular, the mandibular measurements underwent a 
more accelerated growth than the others with the exception 
being the minimum frontal breadth (Humphrey 1998).  This 
early development of the mandible is directly related to 
the requirements for suckling and accommodation of the 
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deciduous dentition and developing crowns of the permanent 
dentition. 
 Humphrey’s study could provide the answer to why 
sexual differences can be seen in the infant mandible, but 
not in the cranial base.  The earlier development of the 
mandible corresponds with its earlier expression of 
sexually dimorphic features.  The sexual dimorphism 
achieved by the time of adulthood is visible earlier 
because of early development and accelerated growth.  The 
mandible is already at 70% of its adult size by 
approximately six years of age.  Since the mandible 
develops earlier than the cranial base, this would explain 
why sexual differences occur in the former and not the 
latter.  The mandibular traits Schutkowski used to 
determine sex were those that can also identify sex in the 
adult individual.  Therefore, their presence in an infant 
mandible is expected.  Sexual differences in the cranial 
base, which also undergoes accelerated growth, although not 
to the same degree as the mandible, can be absent.   
 The findings of this study shed light on further 
research that can be undertaken to advance the knowledge of 
determining the sex of fetal and infant remains.  Later 
studies can expand the age range to see if statistical 
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significance can be determined in the 12 bones used in this 
study or others of the infant cranium.   
Many researchers have claimed that there has to be 
some cranial trait or characteristic that differentiates 
males from females and can be either observed or measured.  
However, no researcher has been able to find this trait as 
of yet.  As far as most post-cranial elements are 
concerned, little has been discovered that is of forensic 
significance.  However, the infant ilium has already been 
proven as a good example for sexing infant remains and 
could be of great importance in forensic applications 
(Schutkowski 1993).  Since Humphrey found that the minimum 
frontal breadth develops faster than mandibular and other 
cranial elements, this could be used for further research.            
 What this research project does is continue the work 
of previous studies on the subject of determining infant 
and fetal sex.  Even though the results for the temporal 
squama and the basilar occipital bone are only significant 
by chance when taken into account with all the other non-
significant results, these bones can still provide a good 
starting point for further research.  Also, the 
measurements of bones in the second and third age groups 
were collectively larger in males than in females, so this, 
too, would be a good place to begin further research.   
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 The developmental stage at which sexual differences 
first take place is highly contested among researchers, 
with most agreeing that they do not appear until puberty.  
Yet, this research reports that sexually dimorphic 
characteristics can be found in the infant and fetal 
mandibles.  However, even among those researchers who agree 
that sexual differences do occur before puberty, there are 
still contradictory interpretations.  There is doubt to 
whether sexual differences begin before or after birth.  
Importantly, this study contained specimens that were 
representative of the periods before, at the time of, and 
after the birth event.   
Despite the fact that the sexes are not significantly 
different for individual measurements, the sexes do differ 
significantly when all of the non-redundant variables are 
analyzed together.  This significance does not occur when 
age group one is examined alone.  However, when the age 
groups are combined or the second and third age groups are 
examined separately, the medians are significantly 
different between the sexes.  These results lend support to 
the idea that differences between the sexes can occur 
earlier than previously thought.  The results of 
Schutkowski’s method clearly prove that sexual differences 
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can be seen in fetal and infant remains.  Therefore, sexual 
dimorphism does occur before a child reaches puberty.   
 The precise timing of this dimorphic change remains 
unsolved.  However, if other researchers can attain a 
sample of infants and young children with broader age 
limits, a larger sample size, and age groups that contain a 
larger number of specimens, then the results will be more 
rewarding.  These results could better pinpoint the time 
when sexual dimorphism begins. 
     The overall objective of this research project was to 
determine if there are sexual differences in the cranial 
base and mandible in fetal and infant skeletal remains.  
While the information gathered from fetal studies is small 
compared to advancements in other areas of forensics, this 
project expands the already growing body of fetal research. 
As noted earlier, studies on infant age assessment 
have produced well-accepted criteria and methods for 
determining age.  Fetal sex determination has not been so 
fortunate.  Hopefully, future studies will be able to 
establish well-defined criteria for determining the sex of 
infant and fetal remains.   
The sexual differences found in the cranial base are 
not of sufficient magnitude to be useful in forensic 
applications.  However, Schutkowski’s method of assessing 
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the mandible, when applied to fetal and infant remains, can 
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Appendix A 
Measurements* of the Johns Hopkins Fetal Collection 
SPEC** TS(L)H TS(L)W TS(L)L TS(R)H TS(R)W TS(R)LBO   L BO  W LO(L)LLO(L)W LO(R)L LO(R)W AGE***
JH 1 18 23.4 18.9 12 23 20 9.5 10 XXX XXX 15 8.5 5-6 IU
JH 2 18.8 22 25.1 18.1 22.5 24.8 9 10.3 15 8.9 16 9 7 IU
JH 3 26.9 28.1 35.6 26.2 31.7 39 13.8 17.5 30 15.5 31.5 13.9 11 PN
JH 4 26.5 37 37.9 26.3 36 38.2 14 17.8 32 21.2 27.4 27 12 PN
JH 5 25.1 32.9 39 26 32.1 38.6 12.9 16 26.7 13.1 26.9 12.9 10 IU
JH 6 21 24 24.8 21.4 24.5 25.8 10.9 11.1 18.9 8.9 17.8 7.9 7 IU
JH 7 20.7 20.1 27.3 20 21.3 27.6 10.2 12.1 17.5 8.8 17 9 10-11 IU
JH 8 XXX XXX XXX 16.3 19.1 27.1 XXX XXX XXX XXX 24.9 13.9 5 IU
JH 9 21.4 23.5 21.2 21 19.5 23.8 10 12.5 20.5 10.2 19.2 10.1 10 IU
JH 10 22.1 28.9 32 21.1 30.2 29.2 12.2 15.5 24.2 12.9 24.1 12.5 9-10 IU
JH 11 20 25.2 33.1 20.9 23.9 33.4 12.9 15.2 24.5 12.1 XXX XXX NEWBORN
JH 12 22 26 29 22.1 23 20.4 12 19.4 28.7 13.1 28.6 12.5 NEWBORN
JH 13 22.5 28.2 29.5 21.2 27.6 30.1 11.1 13.1 21.9 10.1 22.4 10.9 9 IU
JH 14 25.5 31.2 28.2 25 32.5 27.7 12.1 12.8 22.9 11.1 22.1 12.9 NEWBORN
JH 15 17.9 21.2 27 17.3 22.1 26 9.9 11 14.3 8 15.2 8.4 8 IU
JH 16 22 27 29.5 20.9 23.1 28.9 10.9 12.5 21.2 11.2 22 12 7 IU
JH 17 21.5 28.1 29.1 22 26.1 30 11.1 15 21.9 12 22 12 10 IU
JH 18 22.9 23.9 29.8 22.4 24.9 29.9 12 13.2 20.1 12.1 20.9 11.5 10 IU
JH 19 24.7 22.1 27.6 24 22 29.2 11.1 13.6 22.9 11 23.4 11.8 10 IU
JH 20 18.1 21.8 23.1 16.9 22 23 10 10.9 17 10.9 16.9 10 6 IU
JH 21 25 25.8 34 24.1 26.9 35.2 12.2 14.5 28.3 16 27.4 15.8 3 PN
JH 22 26.1 28.9 34 25.1 27.8 34.5 12.1 17.8 26 15.2 26.8 15.6 10 IU
JH 23 18 19.1 24.2 17.9 21.5 24.5 8.9 10.5 16.2 9.2 16.1 9.5 8 IU
JH 24 22 23.1 27.5 21.4 23.6 26.7 10.9 11.5 18 9 18.5 10.1 8 IU
JH 25 25.8 29.8 37 26 30.8 36 12.6 20.4 26.4 13.5 26.1 13.9 NEWBORN
JH 26 21.5 26 26 21.4 25.8 28.9 9.9 13 XXX XXX 20.5 12.5 10 IU
JH 27 XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 2 PN
JH 28 26 22.1 32 27.1 24.2 32 13.1 17.2 27 14.3 27.5 13.9 NEWBORN
JH 29 20.5 24.1 27.6 21 22.7 28 10.1 13 20.8 11 21.2 12.1 9  IU
JH 30 26 26 35.5 26 25 34.9 13.1 16.9 26.9 16 26.8 15.8 NEWBORN
JH 31 26 26.8 32.3 26.7 26.2 31.6 12.9 17.5 26 16.1 24.9 16 2 PN
JH 32 30.9 31 35 31.1 27.8 34.9 15.5 21.9 32 22.9 33 22.1 15PN
JH 33 27.1 28.2 35.5 24.3 30 33.9 12.5 15.5 23.9 14 24 13.5 2 PN
JH 34 27 30.1 37.6 26.2 27 35.8 11.8 15.7 29.6 14.3 29.2 14 3 PN
JH 35 20.9 18.8 28.5 21.4 21 26.6 10.9 11.8 20.4 10.6 19.9 10.8 NEWBORN
JH 36 21.9 16 19.8 20.4 18 22.8 XXX XXX XXX XXX 16.9 8.1 9 IU
JH 37 14.9 16 22 15 16.1 21.3 8.8 7.9 13.3 7 13.2 6.8 5 IU
JH 38 27 30.9 32.5 27.2 31.3 36.3 13.1 19.6 30.5 17 30.8 16 14 PN
JH 39 20.7 19 26.5 20.6 17.9 25.3 10.1 11.6 17.7 10.2 18.6 10.1 8 IU   
*Measurements recorded in millimeters and abbreviated as in 
tables 1 and 2. 
**SPEC- Denotes the specimen number of the Johns Hopkins 
Fetal Collection (JH). 
***AGE- Denotes the age of a specimen in either months in 
utero (IU) or months post-natal (PN). 
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SPEC** TS(L)H TS(L)W TS(L)L TS(R)H TS(R)W TS(R)LBO   L BO  W LO(L)LLO(L)W LO(R)L LO(R)W AGE***
JH 40 21.4 22 32.5 23 21.5 30.5 12.3 14.3 25.9 14.9 26.2 12.9 NEWBORN
JH 41 34 30.7 31.2 35 33.3 32.9 XXX XXX 31.2 20.9 31.7 21.9 12 PN
JH 42 24.2 21.9 34.9 21.9 21 XXX 13.9 14.6 26.1 14.5 26 14.9 2 PN
JH 43 21.5 18.4 25.3 19.9 18.9 24.9 10 12 20 12 19.9 12 8 IU
JH 44 22.2 20.1 30.5 22.7 22 30.5 XXX XXX 20.6 13.2 XXX XXX 9 IU
JH 45 XXX XXX XXX XXX XXX XXX 13.3 19.2 XXX XXX XXX XXX 12 PN
JH 46 24.5 25.8 32.5 24.1 24.3 32.2 12.2 16 26.2 17.1 26.1 17 3 PN
JH 47 27.8 29.3 34.8 26.6 25.2 34.2 11.5 16 25.2 14.4 25.4 12.2 NEWBORN
JH 48 16.4 17.4 23 15.2 17.9 22.4 10.1 10 16.1 9 15.9 9.1 8 IU
JH 49 25.2 26.3 31.8 25 25.9 32.4 11 15.1 24.6 15.4 23.9 15.5 2 PN
JH 50 22.8 21.5 28.8 22.5 22.9 29 XXX XXX 20.9 10.9 21.1 11 8 IU
JH 51 19.5 20.4 25.8 20.9 21 25.2 10 11.2 18.1 10 17.9 10 8 IU
JH 52 20.4 24 25.3 19.4 23.5 25.9 9.5 11.4 17.9 9.4 17.6 9.5 8 IU
JH 53 20.1 25.2 27.1 20.8 25.4 26.9 10.2 12.8 20.8 12.5 21 12.9 9 IU
JH 54 20 22.1 26.5 20.1 20.9 27 10.2 10.1 16.8 8.5 16.8 8.6 8 IU
JH 55 19 22.1 25.4 19.1 21.9 26.4 11 11 16.8 10.3 16.4 10.1 6 IU
JH 56 XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXXX
JH 57 23.2 24.6 29.9 24.9 28 29.3 11.9 12.9 21.2 12 21.4 12.6 10 IU
JH 58 24.3 22.3 32.1 24 21.8 31 11.9 16 25 13.9 25.2 13.8 4 PN
JH 59 21.2 23 28.8 21.1 23.5 29 10.1 13.1 21.2 11.8 21.6 11.3 8 IU
JH 60 19.8 22.6 26.5 19.6 20.7 26.1 10.2 13.4 21.5 11.9 21.2 11.9 8 IU-NEWBO
JH 61 26.2 31.2 31 25.1 30.9 32.1 12.8 16.9 25.4 14.2 25.8 14.4 NEWBORN
JH 62 20.6 20.7 26 20.4 23.1 25.9 10.1 11.8 19.4 10.5 19.3 9.5 7 IU
JH 63 XXX XXX XXX XXX XXX XXX 11.9 15 23.1 12.7 23.6 12.8 10 IU
JH 64 22.7 24.4 30.3 22.9 26 31.4 10.3 14.2 25 14.8 24 15.4 2 PN
JH 65 17.5 19.9 24.4 16.9 18.8 25.8 10.5 8.9 15.8 8.6 15.5 8.1 5-6 IU
JH 66 15 11.8 21.9 XXX XXX XXX 10.1 9.9 14.1 7.8 14 7.9 5 IU
JH 67 25.8 25.1 33 24.8 23.5 34.1 11.8 14.9 27 15 27.7 14.5 NEWBORN
JH 68 26.8 25.9 34.9 25.9 26.3 34 12.8 16.5 XXX XXX XXX XXX 2 PN
JH 69 22.1 25.9 30.9 21.3 22.6 30.4 12.2 12.9 22.4 12 22.6 12.1 7 IU
JH 70 15.8 18 25.2 15.5 16.5 25.9 10 9.2 15.4 8 15.5 7.9 6-7 IU
JH 71 24.9 26.9 31.9 24.5 27.2 32 12.9 15.8 26.9 15.4 27 15.5 10 IU
JH 72 24.9 26.3 31.7 24 26.5 25.3 12 15.2 26.9 14.7 27.8 15.2 10 IU
JH 73 26.4 27.3 32.3 25.2 26.9 32.9 11.5 13.8 26 14 25.9 14.1 9 IU
JH 74 18.9 22.4 23 17.9 22.2 23.5 10.6 10.5 16.8 10 16.6 9.9 6 IU
JH 75 16.8 17.5 26 16.4 18.5 26.1 10.4 9.3 15.9 8.8 16 8.2 6 IU
JH 76 21.5 21 29.1 21 22.1 28.3 12 14.1 23.2 14.1 23.8 14.3 9 IU
JH 77 24.5 27.9 36.3 25.6 28 36.8 13.7 14.9 28.9 16.2 29.1 16.4 1 PN
JH 78 24.4 27.8 34.5 25.4 25.8 33 12.8 15.2 27.1 15.2 26.8 15.1 9 IU
JH 79 25.5 27.5 33.1 26.1 30.4 33.7 11.3 14.4 26.6 15.9 26.1 15.1 9 IU
JH 80 25.4 26.7 31.2 24.9 28 35.5 12.1 16.8 26.5 15.9 26.7 15.9 3 PN
JH 81 25 26.6 33.4 25.6 28.6 34.1 11.5 13.9 25.2 15.8 26.2 15.9 2 PN
JH 82 24.6 25.2 26.2 24.5 23.4 27 11.4 13.1 25.3 14.7 26.1 14 NEWBORN
JH 83 22.3 25.2 29 21.7 22.2 28.2 10.9 13.6 21.2 12.5 21.9 13 9 IU
JH 84 26.1 29.8 36.3 25 31 34.9 XXX XXX 30 17.1 28.8 17 3 PN
JH 85 27.2 28.1 30 26.5 29.1 31.9 12.2 17.5 29.3 15.5 29.8 15.8 2 PN
JH 86 21.9 25.9 29.8 21.4 27.3 29.9 10.2 12.2 20.2 11 20.4 11.2 8 IU
JH 87 23.3 24.1 32.9 24.3 23.8 32.3 12.5 14.1 25.2 16 24.6 15.3 9 IU
JH 88 29.5 28.7 36.5 29.9 28.4 35.5 13 17.9 30.9 20.8 31 21.1 4 PN  
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SPEC** TS(L)H TS(L)W TS(L)L TS(R)H TS(R)W TS(R)LBO   L BO  W LO(L)LLO(L)W LO(R)L LO(R)W AGE***
JH 89 24.1 25.3 37.8 24.9 27.5 36.9 12.4 15.1 29 16.9 28.6 15.5 10 IU
JH 90 26.3 29.9 37.7 26.5 29.5 37 13.8 15.6 27.1 15.4 27.5 15.1 3 PN
JH 91 24.2 33.8 34.3 24 31.1 36.9 12.1 15.4 28.3 14.2 28.5 14.8 9 IU
JH 92 21.8 24.9 29.7 23.2 25.2 30.4 11.4 12.7 21.9 12.1 22.2 12.2 8 IU
JH 93 24.1 27 29.8 23.9 28.9 30.8 11 13.2 22.1 12.3 22.5 11.8 7 IU
JH 94 23.5 24.9 32.5 23.9 27.4 32.6 11.4 15.1 28.6 16.2 XXX XXX NEWBORN
JH 95 24.5 29.4 34.7 25.6 29.8 34 12.6 15.8 29.1 15.8 29.3 16.7 4 PN
JH 96 17.1 21.2 26.7 17.5 21.5 26.1 10 11.5 16.8 9.3 17.2 8.8 5 IU
JH 97 23.9 25.8 28.5 23.3 27.2 28.5 10.2 17.1 19.2 11.9 20.5 11.3 8 IU
JH 98 25.4 24 33.3 26.4 22 33.2 12 14.4 25 14.8 24.2 15.3 3 PN
JH 99 31 31.9 35.2 30.9 32.3 34.2 14 16.3 27.4 13.5 27.9 13.1 4 PN
JH 100 22 26.2 31.3 21.8 26.7 32.2 11.6 14.5 25.1 15 25.2 15.5 NEWBORN
JH 101 29.8 35 36.4 31.4 35.2 37.8 12.2 17.1 32.1 19.4 32.9 21.3 5 PN
JH 102 26.4 33.8 36.4 27.2 32.3 36.5 11.9 15.1 28.9 13.5 28.8 14.7 2 PN
JH 103 17.4 23.8 26.9 XXX XXX XXX 10.1 10.6 XXX XXX 17.9 10.2 7 IU
JH 104 28.5 31.7 35.9 28.9 31.9 35 12.1 20.9 30.9 17.8 29.6 16.5 5 PN
JH 105 25.1 36.2 36.1 26.5 32.9 34.9 12.1 15.6 27.8 17 28.1 16.2 9 IU
JH 106 19.8 26.2 27.1 19.7 24.2 27.3 9.9 11.3 20.9 12.5 21.5 12.2 8 IU
JH 107 22.9 27.3 33.1 21.6 26.7 28 11.8 16.5 26 18.7 26.2 17.6 2 PN
JH 108 23.9 26.1 34.3 24.9 27.1 34.1 11.4 15.9 28.3 16.1 28.9 16.2 1 PN
JH 109 24.1 28 30.4 23.4 27.1 29.9 10.8 11.9 20.8 11.8 21 10.9 8 IU
JH 110 24.8 27.9 29 24.6 27.4 31.1 10.5 12.2 22.9 14.1 22.1 14.5 NEWBORN
JH 111 23.6 27.8 33 22.8 27.9 33.1 11.7 14.6 24.3 14.5 24.9 14 10 IU





Mandible Assessment of Johns Hopkins Fetal 
Collection 
G ESPEC* CHIN** DENT*** ONION^ ST SEX̂ ^ KNOWN SEX
JH 1 YES U UNALIGNED MALE MALE
JH 2 YES U UNALIGNED MALE MALE
JH 3 YES U ALIGNED MALE MALE
JH 4 YES U ALIGNED MALE MALE
JH 5 YES U UNALIGNED MALE MALE
JH 6 YES U ALIGNED MALE MALE
JH 7 YES U UNALIGNED MALE MALE
JH 8 YES U UNALIGNED MALE MALE
JH 9 YES U ALIGNED MALE MALE
JH 10 YES U UNALIGNED MALE MALE
JH 11 YES U ALIGNED MALE MALE
JH 12 YES O UNALIGNED MALE MALE
JH 13 YES U UNALIGNED MALE MALE
JH 14 NO U UNALIGNED MALE MALE
JH 15 NO U UNALIGNED MALE MALE
JH 16 NO O UNALIGNED FEMALE MALE
JH 17 YES U UNALIGNED MALE MALE
JH 18 YES U UNALIGNED MALE MALE
JH 19 YES U ALIGNED MALE MALE
JH 20 NO U ALIGNED FEMALE MALE
JH 21 YES U UNALIGNED MALE MALE
JH 22 NO U UNALIGNED MALE MALE
JH 23 NO U UNALIGNED MALE MALE
JH 24 YES U UNALIGNED MALE MALE
JH 25 NO U UNALIGNED MALE MALE
JH 26 NO U ALIGNED FEMALE FEMALE
JH 27 XXX XXX XXX XXX MALE
JH 28 YES U UNALIGNED MALE MALE
JH 29 YES U UNALIGNED MALE MALE
JH 30 YES U UNALIGNED MALE MALE
JH 31 YES U UNALIGNED MALE MALE  
 
*SPEC- Denotes the specimen number of the Johns Hopkins 
Fetal Collection (JH). 
**CHIN- Denotes the protrusion of the chin as being present 
(YES) or absent (NO). 
***DENT- Denotes the shape of the anterior dental arcade as 
either U-shaped (U) or rounded (O). 
^GONION- Denotes the eversion of the gonion region as 
either unaligned or aligned. 
^^EST SEX- Denotes the sex that was estimated by the 
researcher using the presence of two out of the three 
suggested male or female traits. 
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SPEC* CHIN** DENT*** GONION^ EST SEX̂ ^ KNOWN SEX
JH 32 YES O ALIGNED FEMALE MALE
JH 33 YES U UNALIGNED MALE MALE
JH 34 NO U UNALIGNED MALE MALE
JH 35 YES U UNALIGNED MALE FEMALE
JH 36 YES O UNALIGNED FEMALE FEMALE
JH 37 NO O UNALIGNED FEMALE FEMALE
JH 38 YES U ALIGNED MALE FEMALE
JH 39 YES O ALIGNED FEMALE FEMALE
JH 40 NO O UNALIGNED FEMALE FEMALE
JH 41 NO O UNALIGNED FEMALE FEMALE
JH 42 YES U UNALIGNED MALE FEMALE
JH 43 YES O UNALIGNED FEMALE FEMALE
JH 44 NO U ALIGNED FEMALE FEMALE
JH 45 XXX XXX XXX XXX MALE
JH 46 NO U ALIGNED FEMALE FEMALE
JH 47 YES U ALIGNED FEMALE FEMALE
JH 48 NO O UNALIGNED FEMALE FEMALE
JH 49 YES O ALIGNED FEMALE FEMALE
JH 50 NO O UNALIGNED FEMALE FEMALE
JH 51 NO O UNALIGNED FEMALE FEMALE
JH 52 NO O ALIGNED FEMALE FEMALE
JH 53 NO U UNALIGNED MALE FEMALE
JH 54 NO O ALIGNED FEMALE FEMALE
JH 55 NO O UNALIGNED FEMALE FEMALE
JH 56 XXX XXX XXX XXX FEMALE
JH 57 NO O ALIGNED FEMALE FEMALE
JH 58 YES O ALIGNED FEMALE FEMALE
JH 59 NO U ALIGNED FEMALE FEMALE
JH 60 NO O ALIGNED FEMALE FEMALE
JH 61 YES U ALIGNED MALE FEMALE
JH 62 NO O ALIGNED FEMALE FEMALE
JH 63 NO O ALIGNED FEMALE FEMALE
JH 64 NO O ALIGNED FEMALE FEMALE
JH 65 NO O ALIGNED FEMALE FEMALE
JH 66 YES O UNALIGNED MALE MALE
JH 67 YES U UNALIGNED MALE MALE
JH 68 YES U ALIGNED MALE MALE
JH 69 NO O ALIGNED FEMALE MALE
JH 70 YES U UNALIGNED MALE MALE
JH 71 YES U UNALIGNED MALE MALE
JH 72 YES O UNALIGNED MALE MALE
JH 73 YES U UNALIGNED MALE MALE
JH 74 NO U UNALIGNED MALE MALE
JH 75 YES U UNALIGNED MALE MALE
JH 76 YES U UNALIGNED MALE MALE
JH 77 YES U UNALIGNED MALE MALE
JH 78 YES U UNALIGNED MALE MALE
JH 79 YES U UNALIGNED MALE MALE
JH 80 YES U UNALIGNED MALE MALE  
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SPEC* CHIN** DENT*** GONION^ EST SEX̂ ^ KNOWN SEX
JH 81 YES U UNALIGNED MALE MALE
JH 82 YES U UNALIGNED MALE MALE
JH 83 YES O UNALIGNED MALE MALE
JH 84 YES O UNALIGNED MALE MALE
JH 85 YES U UNALIGNED MALE MALE
JH 86 YES U UNALIGNED MALE MALE
JH 87 YES O UNALIGNED MALE MALE
JH 88 YES U UNALIGNED MALE MALE
JH 89 YES O UNALIGNED FEMALE MALE
JH 90 YES U UNALIGNED MALE MALE
JH 91 YES U UNALIGNED MALE MALE
JH 92 YES U UNALIGNED MALE MALE
JH 93 YES U UNALIGNED MALE MALE
JH 94 NO O UNALIGNED FEMALE FEMALE
JH 95 YES U ALIGNED MALE FEMALE
JH 96 NO O ALIGNED FEMALE FEMALE
JH 97 YES O ALIGNED FEMALE FEMALE
JH 98 NO O ALIGNED FEMALE FEMALE
JH 99 YES U UNALIGNED MALE FEMALE
JH 100 NO O ALIGNED FEMALE FEMALE
JH 101 NO O UNALIGNED FEMALE FEMALE
JH 102 NO O ALIGNED FEMALE FEMALE
JH 103 XXX XXX XXX XXX FEMALE
JH 104 YES O ALIGNED FEMALE FEMALE
JH 105 YES U UNALIGNED MALE MALE
JH 106 NO O UNALIGNED FEMALE FEMALE
JH 107 YES O ALIGNED FEMALE FEMALE
JH 108 NO U ALIGNED FEMALE FEMALE
JH 109 NO O UNALIGNED FEMALE FEMALE
JH 110 NO O ALIGNED FEMALE FEMALE
JH 111 NO O UNALIGNED FEMALE FEMALE
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